INTRODUCTION
============

Serum cholesterol is a major risk factor and contributor to atherosclerotic cardiovascular disease (ASCVD), as supported by animal and clinical evidence including genetic and epidemiologic studies and randomized clinical trials.[@B1][@B2] Therapeutic cholesterol-lowering drugs, especially statin therapy, established that low-density lipoprotein cholesterol (LDL-C) reduction produces marked reduction of ASCVD. In a preventive scope, a lower LDL-C is generally better in ASCVD patients and a high-risk patient group.[@B3][@B4][@B5][@B6] In patients with low to intermediate risk without ASCVD, risk assessment is clinically guided by major risk factors such as cigarette smoking, hypertension, dyslipidemia, diabetes, and family history. American College of Cardiology (ACC)/American Heart Association (AHA), European Society of Cardiology (ESC), and Asian countries including Korea have unique clinical guidelines for treatment of dyslipidemia according to risk assessment tools.[@B7][@B8][@B9][@B10] However, these recommendations are not consistent with each other because of background epidemiologic ASCVD event differences.

The 2013 ACC/AHA Guideline on Management of Blood Cholesterol adopted a new risk assessment tool, the population cohort equation (PCE).[@B11][@B12] Five community-based cohort studies and a previous Framingham Heart Study were combined and validated for new risk assessment for coronary artery disease (CAD) as well as stroke, transient ischemic attack, or peripheral artery disease (PAD) including aortic aneurysmal disease.[@B13][@B14][@B15][@B16][@B17][@B18] Initially, a few validation work-ups for this new PCE such as data from the Women\'s Health Initiative, which covers a US contemporary multiethnic cohort of postmenopausal women, indicated that these pooled cohort equations overestimated ASCVD risk.[@B19] However, when event surveillance was improved by data from the Centers for Medicare & Medicaid Services, the PCE discriminated risk well in the USA. However, this improvement of risk prediction validation is not applicable to other countries including Korea.

Another approach is to complement fine risk assessment over traditional major risk factors. These non-traditional risk factors help screen subjects at risk for cardiovascular complications and include blood biomarkers, risk factors, and/or markers of subclinical disease ([Fig. 1](#F1){ref-type="fig"}). Each of all has not shown adequate statistical tools to demonstrate the incremental value of an emerging biomarker in addition to global risk scoring.

![Screening for subjects at risk for cardiovascular complications: blood biomarkers/risk factors and/or markers of subclinical disease.\
BNP, b-type natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; MR-proANP, mid-regional pro-A-type natriuretic peptide; GDF-15, growth differentiation factor-15; sST2, soluble suppression of tumorigenicity 2; sRAGE, serum soluble receptor for advanced glycation end products; eGFR, estimated glomerular filtration rate; IMT, intima-media thickness; CT, computed tomography; MRI, magnetic resonance imaging; FMD, flow-mediated dilation.](jla-8-173-g001){#F1}

The 2018 ACC/AHA Guideline on Management of Blood Cholesterol specially mentioned the evidence-based statin benefit group for primary prevention. In non-diabetic adults 40 to 75 years of age, the 10-year ASCVD higher risk group can be used to determine superiority of initiation or intensification of statin therapy. The patients in this category are proposed to initiate statin therapy combined with "risk enhancers" ([Table 1](#T1){ref-type="table"}). In the general population, risk enhancers may or may not predict ASCVD risk independently using PCE, but they can be useful for identifying specific factors that influence each individual future risk. This review will focus on the potential role of biomarkers such as high-sensitivity C-reactive protein (hsCRP), lipoprotein(a) (LP\[a\]), apolipoprotein B (apoB), and ankle-brachial index (ABI) for additional risk assessment in patients with borderline or intermediate risk in the view of 2018 ACC/AHA Guideline on Management of Blood Cholesterol. Coronary artery calcium (CAC) measurements have an additive role in the decision to use statin therapy in non-diabetic patients 40--75 years old with intermediate risk in primary prevention. However, this review addressed ASCVD lipid/biomarkers other than CAC.

###### Risk enhancing factors for clinician-patient risk discussion

![](jla-8-173-i001)

  Risk-enhancing factors                                                                                                                                 
  ------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Family history of premature ASCVD (male \<55 yr, female \<65 yr)                                                                                       
  Primary hypercholesterolemia (LDL-C, 160--189 mg/dL; non-HDL-C, 190--219 mg/dL)^\*^                                                                    
  Metabolic syndrome (over than 3 marks, diagnosis as metabolic syndrome)                                                                                
                                                                                                                                                         Increased waist circumference
                                                                                                                                                         Elevated triglycerides (\>175 mg/dL)
                                                                                                                                                         Elevated blood pressure
                                                                                                                                                         Elevated glucose
                                                                                                                                                         Low HDL-C (\<40 mg/dL in men; \<50 in women mg/dL)
  Chronic kidney disease (eGFR 15--59 mL/min/1.73 m^2^ with or without albuminuria; not treated with dialysis or kidney transplantation)                 
  Chronic inflammatory condition such as psoriasis, RA, or HIV/AIDS                                                                                      
  History of premature menopause (before age 40 yr) and history of pregnancy-associated conditions that increase later ASCVD risk such as preeclampsia   
  High-risk race/ethnicity (e.g., South Asian ancestry)                                                                                                  
  Lipid/biomarkers: associated with increased ASCVD risk                                                                                                 
                                                                                                                                                         Persistently^\*^ elevated, primary hypertriglyceridemia (≥175 mg/dL)
                                                                                                                                                         Elevated high-sensitivity C-reactive protein (≥2.0 mg/L)
                                                                                                                                                         Elevated Lp(a): a relative indication for its measurement is family history of premature ASCVD. An Lp(a) ≥50 mg/dL or ≥125 nmol/L constitutes a risk-enhancing factor especially at higher levels of Lp(a)
                                                                                                                                                         Elevated apoB ≥130 mg/dL: a relative indication for its measurement is triglycerides ≥200 mg/dL. A level ≥130 mg/dL corresponds to LDL-C \>160 mg/dL and constitutes a risk-enhancing factor
                                                                                                                                                         ABI \<0.9

AIDS, acquired immunodeficiency syndrome; ABI, ankle-brachial index; apoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency virus; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); RA, rheumatoid arthritis.

^\*^Optimally, 3 determinations.

EFFECTIVE TARGET GROUP FOR USING BIOMARKERS
===========================================

1. Status of Korean risk assessment {#sec1}
-----------------------------------

Many studies have attempted to assess cardiovascular disease (CVD) risk based on a comprehensive review of exposure to various CVD risk factors. Since development of the Framingham risk score (FRS) by the Framingham Heart Study to calculate the 10-year risk of CAD using seven items of information (age, sex, total cholesterol, high-density lipoprotein cholesterol \[HDL-C\], blood pressure, diabetes, and smoking), various CVD prediction models have been developed, and a CVD prediction recommendation guideline has been formulated.[@B18] In South Korea, several studies have developed a stroke risk model, a CAD risk model, and a CVD risk assessment model using data from health check-up recipients.[@B20][@B21][@B22][@B23] However, Korean treatment guidelines still do not recommend use of these tools in decision-making for drug therapy. There are concerns that the generalizability of these risk assessment tools developed in Korea needs to be further examined as they have not been adequately validated, while other concerns suggest that, even if individual CVD risks are assessed, it is difficult to reflect them in treatment guidelines because evidence supporting the clinical efficacy and cost-effectiveness of drug therapy according to the level of risk is lacking. Additional biomarker studies on CVD risk assessment are not well developed in South Korea. Thus, development of a Korean guideline for management of dyslipidemia is required.

2. Risk group by PCE and biomarker in the 2018 US guideline {#sec2}
-----------------------------------------------------------

In contrast to the current situation in Korea, in the US, the 2018 ACC/AHA guideline specified recommendations for use of risk-enhancing factors including biomarkers to individualize risk status based on PCE as well as other factors that may inform risk prediction. Adults 40 to 75 years of age with LDL-C level 70 to 189 mg/dL in primary prevention can be classified as 4 groups like this; borderline risk (10-year risk of ASCVD 5% to \<7.5%), intermediate-risk (7.5% to \<20%), and high-risk (20%). A 10-year risk of ASCVD ≥7.5% was identified as a randomized controlled trial (RCT)-supported threshold for benefit of statin therapy by PCE by the 2013 ACC/AHA guidelines. In intermediate-risk patients, moderate- to high-intensity statin therapy should be considered during risk discussion of treatment option (class Ia); for borderline-risk patients with risk enhancers, moderate-intensity statin therapy initiation should be discussed with patients (class IIb) among adults 40 to 75 years of age ([Fig. 2](#F2){ref-type="fig"}).

![Primary prevention: the role of ASCVD risk enhancer.\
ASCVD, atherosclerotic cardiovascular disease; apoB, apolipoprotein B; CAC, coronary artery calcium; HIV, human immunodeficiency virus; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); CHD, coronary heart disease.](jla-8-173-g002){#F2}

LIPID/BIOMARKERS
================

1. hsCRP {#sec1___1}
--------

The high hsCRP level is strongly associated with coronary heart disease (CHD) events. Although a few studies have directly assessed the effect of CRP on risk reclassification in intermediate-risk individuals, adding CRP to risk prediction models among initially intermediate-risk patients moderately improves risk stratification. In patients with intermediate ASCVD risk (7.5--20%), an ASCVD score does not assign statin therapy. An RCT in women ≥60 years of age with a family history of premature ASCVD with elevated hsCRP but without ASCVD showed clinical benefit from high intensity statin therapy.[@B24] In a systemic review, the U.S. Preventive Services Task Force (USPSTF) evaluated the factors\' clinical usefulness. The adjusted risk ratio (95% confidence interval \[CI\]) for major CHD events and comparison was 1.58 (1.37--1.83) for CRP 3.0 mg/L vs. \<1.0 mg/L and 1.22 (1.11--1.33) for 1.0--3.0 vs. \<1.0 mg/L. Use of CRP level stratified the study population with a FRS of 1% to 20%. A CRP level greater than 3.0 mg/L reclassified 5% of intermediate-risk women in the Women\'s Health Study.[@B25] In studies in men, high CRP level clearly identified a high-risk subset of persons with a FRS between 15% and 20%.[@B26] As interventions that reduce CRP such as weight loss, exercise, smoking cessation, statins, and fibrates reduce the risk for coronary event, it is unclear whether performing a CRP test to guide treatment goals is more beneficial than intensifying treatment goals in an all intermediate-risk group.

High-intensity statin showed clinical benefit in patients with high hsCRP level and LDL-C less than 130 mg/dL, but there is currently no clinical data in low-risk and intermediate-risk patients. A single primary prevention trial of high-intensity rosuvasatin 20 mg versus placebo in 17,802 patients with a CRP level greater than 2 mg/L and an LDL-C less than 130 mg/dL was terminated early because of overwhelming benefit.[@B27] However, this trial did not clearly classify the number of patients with low- or intermediate-risk on the basis of FRS.

Thus, hsCRP level is regarded as a risk-enhancing factor guiding intensification in intermediate-risk adults and initiation of moderate-intensity statin therapy in borderline-risk adults 75 years of age with LDL-C level 70 to 189 mg/dL in primary prevention.

2. ABI {#sec2___1}
------

### Role of ABI in primary prevention

An ABI \<0.9 is a generally accepted cutoff point used to indicate possible significant PAD. The Framingham cohort study revealed that traditional risk factors were equally applicable as predictors of incidence of PAD, which was classified as a coronary equivalent.[@B28][@B29][@B30][@B31][@B32] ABI is associated with total CHD risk and leads to significant risk reclassification, but there was no direct evidence that ABI independently predicts the risk for incident CHD events in individuals without symptomatic PAD.

The Ankle-Brachial Index Collaboration reported a meta-analysis of 16 studies in 2008. Overall, the FRS showed relatively poor discrimination, with a C-statistic of 0.646 (95% CI, 0.643--0.657) in men and 0.605 (0.590--0.619) in women. There was an improvement in C-statistic in both men (0.655 \[0.643--0.666\]) and women (0.658 \[0.644--0.672\]) when ABI was added to a model with FRS. The improvement in C-statistic was greater and significant in women but was not significant in men. The pattern of reclassification is different by sex. Among men, the effect is to down-classify high-risk individual, while among women, the result is to up-classify low-risk.[@B28] Another ABI-related risk assessment was published by the USPSTF regarding the utility of assessing ABI in 2013. There was no evidence that ABI independently predicts risk for incident CHD events in asymptomatic PAD patients. The USPSTF found no evidence that screening for and treatment of PAD in asymptomatic patients lead to clinically important benefits. It also reviewed the potential benefits of adding the ABI to the FRS and found evidence that this results in some patient risk reclassification. However, how often reclassification is appropriate or whether it results in improved clinical outcomes is not known. The Work Group notes that this review provides some evidence that assessing ABI may improve risk assessment; however, no evidence was found by the USPSTF reviewers as to whether measuring ABI leads to better patient outcomes.[@B33] However, these meta-analyses had some limitations. First, these analyses did not discriminate whether participants with a known history of stroke, transient ischemic attack, or symptomatic PAD were excluded from the analysis. Second, adequacy of Framingham risk factor measurement from the pooled discrimination statistics reported in the studies cannot be judged. For example, adjusted 10-year risk for major CHD events among men in the FRS high-risk range from 20% to 29% was under-adjusted to 15.3%.

### ABI in diabetes

Diabetes is one of the 4 beneficial statin groups in the 2013 Guideline on the Management of Blood Cholesterol. However, in adults 20 to 39 years of age with diabetes mellitus that is either of long duration (≥10 years of type 2 diabetes mellitus, ≥20 years of type 1 diabetes mellitus), albuminuria (≥30 mcg of albumin/mg creatinine), estimated glomerular filtration rate (eGFR) less than 60 mL/min/1.73 m^2^, retinopathy, neuropathy, or ABI \<0.9 were not fully recommended for initiation of statin therapy. In these patients, "Clinician-Patient Discussion" is recommended prior to statin therapy. These discussion points include benefits of risk reduction, statin adverse effects, and drug interaction; lifestyle modifications; patient preference; and when decision is unclear, patient clinical factors such as primary LDL-C ≥160 mg/dL, family history of premature ASCVD, lifetime ASCVD risk, abnormal CAC score or ABI, or hs-CRP ≥2 mg/L should be considered to initiate statin therapy.

Two population cohort studies of diabetes with decreased ABI revealed increased risk of ASCVD.[@B34][@B35] Therefore, ABI has role in initiation primary prevention of statin therapy in adults 40 to 75 years of age with LDL-C level 70 to 189 mg/dL. In adults 20 to 39 years of age with diabetes mellitus who have ABI \<0.9, it may be reasonable to initiate statin therapy (class IIb).

3. ApoB {#sec3}
-------

ApoB is the major apolipoprotein embedded in low-density lipoprotein (LDL) and very-low-density lipoprotein, and there is an association between apoB and ASCVD.[@B3][@B36][@B37] A previous epidemiologic study showed evidence of the rough equivalence of associations of CVD with non-HDL-C and apoB after multivariable adjustment (including HDL-C).[@B36] However, a more large-scale review showed that apoB was the most potent marker of cardiovascular risk (relative risk reduction \[RRR\], 1.43; 95% CI, 1.35--1.51), and LDL-C was the least potent marker (RRR, 1.25; 95% CI, 1.18--1.33).[@B37] Therefore, apoB is a stronger indicator of atherogenicity compared with LDL-C alone.

The measurement of apoB may have advantages especially in patients with hypertriglyceridemia.[@B38] However, apoB measurement is costly, and its measurement in some laboratories may not be reliable.[@B39]

A relative indication for apoB measurement is triglycerides ≥200 mg/dL. ApoB level ≥130 mg/dL corresponds to LDL-C \>160 mg/dL and constitutes a risk-enhancing factor. In intermediate-risk adults, apoB is a risk-enhancing factor that favors initiation or intensification of statin therapy. In patients at borderline risk, presence of risk-enhancing factors may justify initiation of moderate-intensity statin therapy.

4. Lp(a) {#sec4}
--------

Lp(a) consists of an LDL-like particle and the specific apolipoprotein(a) that is bound covalently to the apoB of the LDL-like particle. Lp(a) is a modified form of LDL that appears to possess atherogenic potential.[@B40] Lp(a) in a Framingham offspring cohort setting provided elevated plasma Lp(a) is an independent risk factor for development of premature CHD in men and woman, comparable in magnitude and prevalence (i.e., attributable risk) to a total cholesterol level of 240 mg/dL or more or an high-density lipoprotein level less than 35 mg/dL.[@B41][@B42]

High Lp(a) is considered a risk-enhancing factor,[@B43] especially in patients with higher Lp(a) value and in women, only in the presence of hypercholesterolemia.[@B44] However, its usefulness for stratifying intermediate-risk persons is unclear.

The 2018 ACC/AHA Guideline on the Management of Blood Cholesterol recommends that Lp(a) ≥50 mg/dL or ≥125 nmol/L be considered as an increase. However, no available RCT evidence supports Lp(a) level as a target of therapy.

CONCLUSION
==========

Pooled cohort risk estimation is a powerful tool to predict population risk, but it has limitations when applied to individuals. Although risk-enhancing factors may or may not predict risk independently of PCE in the general population, the evidence of risk-enhancing factors revealed association with ASCVD. Before statin initiation, the purpose of the clinician-patient risk discussion is to individualize risk status based on PCE as well as other factors that may inform risk prediction. In primary prevention, adults 40 to 75 years old with LDL-C level 70 to 189 mg/dL, elevated hs-CRP (≥2.0 mg/L), ABI \<0.9, apoB ≥130 mg/dL (accompanied by persistent hyper-triglycerides), and Lp(a) ≥50 mg/dL show a high lifetime risk for ASCVD; statin therapy is favored in the borderline risk group, and intensification of statin therapy should be recommended in the intermediate risk group.

Although Korean dyslipidemia guidelines did not adopt these risk-enhancing biomarkers due to lack of long-term large population cohort data, the prospective cohort-based prognostic studies that can be appropriately applied to Koreans need to establish evidence-based patient care that can be applied to Korean individuals.
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